TECHNICAL INFORMATION

Basic aspects of image quality criteria

How good is a photographic lens? It may seem a simple question, but
it is often difficult to answer in a quantitative manner. Lens quality can-
not easily be described with a single number. There are several para-
meters, independent of each other, which influence the overall quality
of the image produced by a lens. The most important of these are

Modulation Transfer Function (MTF)
Relative lllumination

Distortion

Spectral Transmission

We offer you a short introduction to these subjects. We hope it will be
helpful in understanding the technical material in our data sheets.

1. Modulation Transfer Function (MTF)

Let us assume an ideal lens and a photographic scene which is com-
posed of many different coarse and fine structures, e. g. a distribution
of broad and fine line elements of intensity variations. In this situation,
the hypothetical, ideal lens will produce an image which reproduces
the object faithfully. More precisely, this means that the spatial varia-
tion of density in the image is an exact representation of the intensity
modulation in the object, regardless of the width of the lines. We have
been discussing an ideal situation, which, for physical reasons, can-
not be realized. In reality, coarse lines can be reproduced more easily
than fine lines, and coarse lines can be reproduced with a higher
modulation (contrast) than fine lines. We refer to this spatial variation
(coarse and fine) by the number of line pairs per millimeter, either at
the subject, or the image.

Modulation transfer function (MTF) compares the remaining modula-
tion in the image plane with the original object. The result is expressed
in percent, as a function of spatial frequency (Ip/mm).
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Figure 1:
MTF as a function of spatial frequency.

It is apparent that the modulation transfer decreases when the spatial
frequency increases. At some point, as the spatial frequency increa-
ses, the modulation will be zero. In the example above- this frequency
is 150 Ip/mm. This limit is often called the resolution limit, or the reso-
lution power of the lens. It should be pointed out that this is not a good
measure of the quality of a lens. Quite the contrary, the modulation
transfer function of the lens should be high over the entire region of

spatial frequencies which is to be considered. The upper limit, of spa-
tial frequency, for a particular application is dependent upon the parti-
cular constellation of factors such as film format size, film type, lens
aperture, and desired performance. For small and medium format
cameras up to 6 x 7 cm, the highest meaningful spatial frequency will
be around 40 Ip/mm, where as for large format cameras, 4 x 5 inch and
higher, the upper limit will be in the region of 20 Ip/mm.

A single MTF graph, done in the customary fashion, is representative
of a small image area which could be anywhere within the image, but
typically is done on axis, and at intervals up to the image diagonal. To
evaluate the performance of a lens over its entire image circle, one
would have to examine a large number of MTF graphs.

Consequently, we often use another method of graphic representation
for MTF. This method shows the modulation transfer as a function of
image height, for a few meaningful spatial frequencies. For small for-
mats we, might look at 10, 20, and 40 Ip/mm, and for large formats 5,
10, and 20 Ip/mm. Because it is relatively easy to evaluate the overall
image performance of a lens, when viewing this type of graph,
Schneider-Kreuznach uses this method of representation in it’s data
sheets.

Of course, it couldn’t be quite as simple as that; a further characteri-
stic of the imaging process is the fact that a beam of rays emerging
from a lens, exhibits differing properties, dependent on its incidence
angles. What this means, in a very practical way, is that object pat-
terns with different orientations for example perpendicular to each
other, will reproduce differently. Therefore, it is necessary to select
more than one orientation of the test pattern used in evaluation, to be
sure of an accurate evaluation of the lens. Under normal circumstan-
ces, it will be sufficient to select two mutually perpendicular orienta-
tions of line elements, as illustrated in the following figure.
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Figure 2
Radial and tangential orientation of object patterns.

There will therefore be two different sets of MTF data representing
radial and tangential orientation of test patterns. In our diagrams, the
MTF for the tangential orientation will be shown in dashed lines.

It is possible to use a lens in a variety of ways, and this can affect the
performance of the lens, as represented by the MTF data. In particular
the image magnification, and aperture at which the lens is used, have
a large effect on the performance of a lens.

For a particular optical system, there is always a theoretical limit to
performance. This limit also depends on the field angle which is impor-
tant for wide angle systems. Generally there will be a decrease in MTF
values with the cosine of the field angle (for the radial orientation) and
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with the third power of cosine of the field angle for tangential orien-
tation. Figure 3 gives an example of a diffraction limited (perfect) opti-
cal system for 20 Ip/mm at f-22.
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Figure 3
Diffraction limited MTF for 20 lp/mm at f-22, as a function of field
angle. The wavelength considered is 546 nm.

2. Relative lllumination

All images, from photographic lenses, vary in intensity from their cen-
ter, to the edge. This can be bad. Therefore it is necessary to examine
the performance of a lens in this area, to determine its suitability (or
lack of it) for a particular application. There are several factors in-
volved: There is a natural decrease in illumination from center to edge
of the image circle (less at the edge) which varies with the fourth po-
wer of the cosine of the field angle.
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Figure 4
The coss w-law of relative illumination

The second major factor which has an impact upon uniformity of illu-
mination is mechanical vignetting of the image. This simply means
that some rays are blocked by mechanical parts, barrel walls etc. The
effect of vignetting can be greatly reduced by using a smaller aper-
ture. It is therefore necessary to represent several apertures on gra-
phic representations of illumination.

3. Distortion

The term distortion refers to a change in the geometric representation
of an object in the image plane. A rectangle might, for instance be re-
produced with a pincushion, or barrel shape, if the distortion of the
optical system is positive, or negative, respectively.
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Figure 5
Pincushion and barrel distortion

Distortion, barrel or pincushion, may also change with image height,
distortion also changes with magnification. In our data sheets, distor-
tion is always represented in 2 manner which corresponds to the parti-
cular application. Enlarging lenses, for example, are represented
showing the enlarger baseboard as the image plane.

4. Spectral Transmission

All optical materials transmit certain wavelengths with more, or less ef-
ficiency. Some wavelengths are reflected, or absorbed by these mate-
rials in different amounts. Lenses are, of course, manufactured from
optical glass, which may be of many types and combinations. Each
type of glass, and each type of surface coating, will show distinct spec-
tral transmission characteristics. Therefore it is important, when eva-
luating a lens, to study the actual transmission data, which is fur-
nished in our spectral transmission curves. While all Schneider lenses
are calculated and manufactured to produce excellent, color free ima-
ges, you will notice subtle tendencies of a lens toward warm or cold
rendition. You may also use this data for comparison to other lenses,
this could, in some cases prevent the purchase of an inappropriate
lens.




